3.0 %, p < 0.001). Patients with higher BMI were more likely to have a complication, while age, race and Charlson comorbidity index were not associated with higher or lower complication rates. Conclusions Complications rates for both male sling and AUS are low. Male sling is associated with a lower rate of complications than AUS. These findings allow for better patient perioperative counseling regarding 30-day perioperative complications.
Introduction
Male urinary incontinence is defined as the involuntary loss of urine that is a social and hygienic problem [1] . Stress urinary incontinence (SUI) can have a devastating effect on the patient's quality of life leading to embarrassment, social withdrawal and high patient costs for pads and diapers [2] . Nearly 10-20 % of men develop severe SUI after radical prostatectomy (RP), a primary treatment for prostate cancer [3] . An estimated 6 % of men who had a RP undergo surgical intervention for treatment of SUI [3] . Several surgical options are available for SUI in men including male urethral sling and artificial urinary sphincter (AUS) [2] . AUS is considered the gold standard for moderate to severe SUI treatment in men [4] and has been utilized for over 30 years, despite modest drawbacks, such as high long-term reoperation rates [5, 6] . There is a growing trend to utilize male slings with the introduction of the transobturator sling, due to the ease of the operation, reduced financial cost, and the lack of need to operate a device to void [6, 7] . Although male slings have traditionally been reserved for mild SUI, some clinicians report success with slings treating moderate to severe SUI [8] . Little data exist directly comparing male sling and AUS outcomes given their use in relatively distinct populations. Furthermore, while AUS has not changed substantially over the past 30 years, male slings have continued to evolve [8, 9] , providing fewer data for direct comparison of outcomes.
Understanding relative rates of male slings and AUS complications can help clinicians better counsel SUI patients of surgical risks, thus promoting informed decision making and appropriate patient expectations. Furthermore, identifying specific patient characteristics associated with perioperative male sling and AUS morbidity may help promote improved patient selection for SUI treatment. Complications data can also be utilized by individual surgeons as a standard with which to compare their practice-specific complication rates. It can serve as a quality metric that may allow surgeons to identify areas of potential improvement in their practice. Data regarding male slings and AUS implantation complications have typically come from retrospectively reviewed large single-institution cases series [10, 11] and identified from administrative billing data that have inherent limitations [12] .
Our objective is to identify and compare 30-day complication rates for patients undergoing male sling and AUS placement and to determine patient characteristics associated with these complications. This is the largest multiinstitutional study of its kind that directly compares sling and AUS 30-day surgical complication rates utilizing a high-quality outcomes registry (ACS-NSQIP) abstracted from patient clinical charts.
Methods

Data source
We utilized the American College of Surgeons National Surgical Quality Improvement Program dataset (ACS-NSQIP), which was established in 2004 and is the first nationally validated, outcome-oriented and risk-adjusted program for improvement of surgical procedures. ACS-NSQIP methods have been previously described [13] . ACS-NSQIP measures several demographic and outcome variables related to 30-day postoperative outcomes. The data are prospectively collected directly from patient charts and entered into a dataset in a standardized format by trained surgical clinical reviewers, who are intermittently audited for inter-rater reliability. ACS-NSQIP data are mandated to improve surgical quality and are given in a de-identified format for research purposes [14] .
Predictors and outcomes
We reviewed data from January 1, 2008-December 31, 2013. We selected all patients who underwent male sling placement using current procedural terminology (CPT) code (53440) and those who underwent AUS placement using CPT code (53445). Our primary outcome was the prevalence of overall and procedure-specific complications during the 30-day postoperative period. We also identified the prevalence of specific complications: pneumonia, wound dehiscence, surgical site infection, prosthesis failure, myocardial infarction/cardiac arrest, unplanned intubation, pulmonary embolism, deep vein thrombosis/thrombophlebitis, stroke with neurological deficit, acute renal failure, urinary tract infection (UTI), bleeding with transfusions, sepsis, return to the operating room, and mortality. In addition, we abstracted demographic data including patient age (grouped as patients aged 18-64 and ≥65 years), race (white, black, and other/unknown), calculated Charlson comorbidity index (CCI) score (<3, 3, 4, and ≥5 comorbidities) [15] , body mass index (BMI) (≤18.5-30, 30.1-35, 35.1-40, and >40), and number of medical comorbidities.
Statistics
Data analysis was performed using Stata (version 13.1, StataCorp, College Station, TX). Categorical variables were summarized using frequencies and percentages and analyzed using the Chi-squared test. Continuous variables were analyzed using means, medians, and standard deviations. We examined continuous variables used Student's t test and One-way analysis of variance adjusted for multiple comparisons, if necessary. The Wilcoxon test was used to analyze variables with non-normal distributions. All tests were two-sided, and p values less than 0.05 were considered statistically significant. A binary logistic model including all significant covariates was used to validate the results.
Results
We identified a total of 608 patients who underwent AUS insertion, and 597 patients who underwent male sling insertion during the study period. All patients enrolled had complete 30-day follow-up data. Male sling and AUS patients were similar across various demographic and comorbidity variables (Table 1 ). Compared to patients who underwent AUS, sling patients were less likely to be White (67 vs. 82 %), have a BMI of ≤18.5-30 (13 vs. 19 %), have hypertension (62 vs. 70 %), have a bleeding disorder (1.7 vs. 3.6 %), and have a history of disseminated cancer (0.2 vs. 1.5 %). The overall health of the patient did not appear 1 3
to affect the choice of procedure, as the CCI was not significantly different between sling and AUS (3.56 ± 0.98 vs. 3.61 ± 1.15, p = 0.425, respectively).
While the overall complication rate was low, sling placement was associated with a lower 30-day complication rate compared to AUS (2.8 vs. 5.1 %, p = 0.046). Male sling patients had statistically fewer UTIs (0.3 vs. 2.0 %, p = 0.020) and return trips to the operating room (1.0 vs. 3.0 %, p = 0.001) ( Table 2) . Compared to AUS patients, sling patients experienced a trend toward fewer surgical site infections, prosthesis failure, cardiac complications, unplanned intubation, deep vein thrombosis, acute renal failure, bleeding requiring a transfusion, and sepsis.
In both sling and AUS patients, increased BMI was associated with a greater likelihood of developing a 30-day postoperative complication (p = 0.0003). No other demographic or comorbidity variables were associated with an increased likelihood of developing a 30-day postoperative complication in the two groups (Table 3) . Out of 1205 patients, there was one 30-day mortality death of an AUS patient. In a binary logistic model controlling for BMI, hypertension, bleeding disorders, and disseminated cancer, the odds of a complication in sling versus AUS remained significant (OR 1.72, 95 % CI 1.001-2.963, p = 0.049), but no other covariates reached statistical significance.
Discussion
In this national analysis of male sling and AUS, we demonstrate the safety of both procedures in the 30-day postoperative period. We recognize that the incontinence status after implantation of either device is not assessed in this dataset. Although we show a higher complication rate in the AUS group, we believe that the long-term benefit for AUS in terms of continence outcome likely outweighs its higher complication rate, particularly since AUS is typically used for more severe incontinence and male slings' long-term outcomes are unknown [7] . Aside from BMI, we did not find any differences in comorbid conditions when stratified by device type. Although our findings provide little guidance to help determine who is at risk for a complication, we clearly demonstrate the safety of male slings and AUS in the treatment of incontinence. The ACS-NSQIP data have the advantage of being prospectively abstracted from the patient chart by an independent reviewer without bias. The ACS-NSQIP dataset has been found to be more accurate than administrative claims data, identifying 61 % more complications and 97 % more surgical site infections in one study [12] . We found only one study by Chughtai et al. [16] that compared SUI treatment complications from a national sample of 1246 Medicare beneficiaries. The 90-day complication rate was low for both slings and AUS with fewer complications related to slings than AUS and slightly higher complication rates than our series. Urologic complications were found in 3.1 % of sling patients and 6.0 % of AUS patients. UTI occurred at a rate of 5.3 % in slings and 8.5 % in AUS [16] . Interestingly, no statistically significant differences between the treatment groups were seen except for higher obesity in male sling patients, which is a finding similar to ours. It is unclear why there is a preference to implant slings in obese men. A possible explanation is that surgeons want to avoid implanting the AUS pressure-regulating balloon in an obese patient for the perceived technical difficulty.
The AUS has been utilized since 1972. It underwent a significant improvement through the introduction of Narrow Back Cuff (NBC) AMS800® device in 1987 (American Medical Systems, Minnetonka, MN, USA) [17] . Throughout its existence, AUS has been considered the standard of care for surgical treatment for SUI, with a 5-and 10-year device survival rate of 75 and 65 %, respectively [5, [18] [19] [20] . In a recent meta-analysis by Van der Aa et al. [5] looking at 12 reports of 623 patients with a minimum follow-up of 2 years, AUS achieved a continence rate (defined as 0-1 pad/day) of 61-100 %. Their pooled analysis demonstrated 8.5 % infection and erosion rate, 6.2 % mechanical failure, 7.9 % urethral atrophy, and 26 % reoperation rate. More recently in a retrospective analysis examining 179 primary AUS implantations over a 2-year period, Linder et al. [11] showed an overall complication rate of 35 % in the immediate 6 weeks following surgery. Complications include urinary retention (31 %), device infection (2 %), urethral erosion (2 %), and cellulitis (1 %). This series identified the highest complications related to urinary retention which is the ACS-NSQIP dataset does not capture. However, our rates of surgical site infection (1.2 %) and return to the operating room (3 %) are comparable.
Male slings have been introduced more recently for mild to moderate SUI, and the device has continued to evolve with time. Several articles showed the success rate of primary male sling placement to be 56-90 % [21] [22] [23] [24] . A large series of 230 patients with SUI who underwent AdVance sling placement showed an overall complication rate of 23.9 %, with urinary retention being the most common complication (21.3 %) [10] . In a multicenter prospective study by Rehder et al. [25] , AdVance sling had a 76.8 % The mean follow-up period was 24.7 ± 11.8 months in the Argus group and 29.8 ± 14.9 months in the AUS group. The success rate was 85 % in the Argus group and 72.7 % AUS group (p = 0.557). Postoperative complications were not significantly different between the two groups (15 and 7.7 % for Argus and AUS, respectively, p = 0.822) [26] .
We did not identify a correlation between patient age or overall health status, measured here using CCI, in the choice of SUI procedure or complication rate. In agreement with Chughtai et al. [16] , we identified a slightly increased preference for the use of slings in patients with higher BMI (p = 0.030). Comorbidity analysis revealed an increased prevalence of hypertension, bleeding disorders and disseminated cancer (most likely metastatic prostate cancer) in the AUS group. The significance of this finding is not entirely clear. Similar to the above-mentioned Chughtai et al. study, both procedures are safe with a low 30-day overall complication rate, though slightly higher in the AUS group (2.8 % in slings, 5.1 % in AUS, p = 0.046). In addition, there is a higher likelihood for UTI and in the AUS group (2 %) compared to slings (0.3 %). As would be expected with the more complex device nature of AUS, the risk for return to OR was higher with this procedure (3 %).
There are several limitations to our study. ACS-NSQIP thoroughly captures complications, but does not contain potential complicating factors such as history of radiation beyond the preoperative 3 months, history of strictures, or history of incontinence procedures. The severity of complications is not captured in this database; therefore, we were not able to use a standardized evaluation of complication rates like e.g., Clavien Dindo. ACS-NSQIP also does not capture degree of preoperative incontinence, and so we are unable to analyze this as a selection factor for procedure type. The type of slings is also not captured in ACS-NSQIP, and so we are unable to evaluate differences between male sling types. Details of complications specific to incontinence procedures such as urinary retention or erosion are not available in ACS-NSQIP, but may be recorded under a less-specific complication category such as prosthesis failure. In addition, functional and long-term outcomes are not examined in our study, and many device complications such as infections and erosions can occur well beyond the 30-day post-op period.
As these results come from a surgical quality registry, providers or patients may in some way be systematically different from nonparticipants making the results less generalizable. On the other hand, this is a very large collection of male SUI surgical patients from multiple sites, which likely enhances the generalizability of our results. To our knowledge, this is the largest multi-institutional study comparing the 30-day morbidity of male slings and AUS, using a high-quality prospectively collected database. These results will be useful for patient counseling regarding perioperative complications of male slings and AUS. Our data provide complication rates and demonstrate the safety of male incontinence procedures, but are not useful in determining the best type of incontinence procedure.
AUS and male slings are both safe procedures for male SUI in the short term, with AUS having a slightly higher complication rate. These findings from a national multiinstitutional database are useful for better patient perioperative counseling. Large clinical trials are needed to directly compare long-term complication rate for both procedures and their functional outcomes.
